Chrysanthemum is an important traditional Chinese medicine and is drunk daily as a herbal tea. Chlorogenic acids and flavonoids are generally considered as the bioactive compounds. In this work, six kinds of Juhua Tea were analyzed and their active compounds and antioxidant activities were compared. In total, 32 phenolic compounds were profiled and identified using HPLC-DAD/ESI-MS n , composed of chlorogenic acids (10), flavones (8), chalcones (8), flavanones (4) and flavonols (2). Chalcones were the main flavonoids in Kunlun Xueju (Coreopsis tinctoria) extract, while flavones and chlorogenic acids were dominant in the five Chrysanthemum teas. Total chlorogenic acids content (TCA) was highest in Tai Ju (Chrysanthemum morifolium cv. 'Tai Ju') (8.59 ± 0.87 mg/g DW), and total flavonoids content (TF) was highest in Kunlun Xueju (87.2 ± 7.0 mg/g DW), which were both lowest in Ganye Ju (Chrysanthemum eticuspe) (TCA 0.86 ± 0.26 mg/g DW, TF 1.43 ± 0.41 mg/g DW). Huangjin Ju (Anthemis tinctoria) possessed the most flavones (19.7 ± 0.6 mg/g DW). Antioxidant capacity of each drink, assessed by Folin-Ciocalteu, DPPH, ABTS and FRAP assays, consistently showed that Kunlun Xueju extract possessed stronger antioxidant activity than the other five, suggesting that the flavonoids content accounted for the free radical scavenging. The present work provides a method for the characterization and quality control of Juhua Tea. Moreover, it is a guideline for consuming choice, due to the different biological functions resulting from chalcones, chlorogenic acids, and flavones.
Juhua, the flowering head of Chrysanthemum plants, is an important traditional Chinese medicine that is extensively used as a herbal tea and food supplement [1, 2] . Juhua Teas available in the market include Kunlun Xueju (Coreopsis tinctoria), Huangjin Ju (Anthemis tinctoria), Hangbai Ju (Chrysanthemum morifolium cv. 'Hangbai Ju'), Tai Ju (C. morifolium cv. 'Tai Ju'), Gong Ju (C. morifolium cv. 'Gong Ju') and Ganye Ju (C. eticuspe) ( Figure  1 ). Flavonoids and chlorogenic acids are considered to be the biologically active components of Juhua Tea. Water extracts from four varieties of C. morifolium in Taiwan showed strong antioxidant activities [3] . Flavonoids from the flower heads of C. morifolium, including acacetin, apigenin, luteolin and quercetin, showed antimutagenic activity [1] . Lin Flower extracts of Coreopsis tinctoria were investigated and found to contain thirteen compounds (mainly flavanones and chalcones) that promoted pancreatic cell recovery from streptozotocin-induced injury [4] . However, to our knowledge, there is a lack of information about comparisons of the chemical profiles and antioxidant activity of the popular Juhua Tea products used nowadays.
The objectives of this study were three-fold. First, we established an HPLC-DAD/ESI-MS 2 analytical method for the six kinds of Juhua Tea. This method simultaneously separated and identified 32 flavonoids and chlorogenic acids in aqueous extracts of Juhua Tea, including 10 chlorogenic acids, 8 chalcones, 8 flavones, 4 flavanones and 2 flavonols. Identification was based on retention time, UV absorption, mass spectra in positive and negative ion modes (Table 1) , and literature references [1, 2, 5] . HPLC profiles displayed that flavonoids of Kunlun Xueju mainly consisted of chalcones, which differed from the other five Juhua Teas that were rich in flavones. Chlorogenic acids were abundant in the six Juhua Teas, but the contents of total chlorogenic acids differed between them. The content of each compound was quantified by a corresponding calibration curve of quercetin 3-O-rutinoside and chlorogenic acid. This work provided a method to identify and compare the chemical constituents of Juhua Teas available on the market.
As a daily drink, what kinds of compounds and how much of them are consumed by people was an important issue. The second objective of this study was to optimize the extraction conditions NPC Natural Product Communications 2015 Vol. 10 No. 3 495 -498 using response surface methodology. The results of chemometrics analysis showed the highest yield for the total content of compounds (3.6%), which was obtained at a dried sample/hot water of 1:105, temperature of 100°C and extraction time of 15 min. The extraction efficiency increased with increases in the extraction time, but the water temperature drop was unacceptable to those in the habit of drinking hot tea. Under the optimum extraction conditions, the total flavonoids (chalcones) content was the highest in Kunlun Xueju (87.2 ± 7.0 mg/g DW), and the total flavonoids (mainly flavones) content of Huangjin Ju was higher (19.7 ± 0.6 mg/g DW) than the others ( Table 2 ). The highest content of total chlorogenic acids was from the extract of Tai Ju (8.6 ± 0.9 mg/g DW) ( Table 2 ). Thirdly, antioxidant activity is an important property for a healthcare product [6] . The free radical scavenging activities of the water extracts of the six Juhua Teas under the optimized condition were determined by Folin-Ciocalteu, DPPH, ABTS and FRAP assays ( Figure 2 ). The antioxidant activities were expressed as gallic acid equivalents. The results from the four assays were consistent with each other, suggesting that the antioxidant activity diversity was authentic. Total phenolic contents, including flavonoids and chlorogenic acids, from Folin-Ciocalteu assay were consistent with those from HPLC analysis. Kunlun Xueju possessed the strongest antioxidant activity, significantly higher than that of the other five, which significantly correlated with the total flavonoids content ( Table 3 ).The extracts of Huangjin Ju, Hangbai Ju, Tai Ju and Gong Ju presented similar free radical scavenging activities. The antioxidant activity of Ganye Ju extract was the lowest. Although chlorogenic acids played a negative role in the antioxidant activity in this work (Table 3) , they could be absorbed by humans and have a variety of bioactivities [7] . These results could be a guideline for consumers' choice, due to the different antioxidant activities and biological functions resulting from chalcones, flavones, and chlorogenic acids.
The simultaneous identification of six Juhua Teas available on the Chinese market using the highthroughput HPLC-DAD/ESI-MS 2 approach has revealed that the different teas have various phytochemical profiles, optimum extraction conditions and free radical scavenging activities. Kunlun Xueju is a good resource for chalcones and provides the highest antioxidant activity, correlated significantly with total flavonoids content. Huangjin Ju is rich of flavones, and Tai Ju provides the most chlorogenic acids. These results can provide useful information for quality control, purchasing choice and healthcare. 
Juhua Tea materials:
Juhua Tea products were purchased from a supermarket in Beijing. The samples were stored in a dryer for a week before being homogenized.
Extraction of samples:
The extraction condition was selected from water temperature (90°C, 95°C and 100°C), dried sample/water ratio (1:40, 1:80 and 1:120 g/mL), and infusion time (5 min, 10 min and 15 min). Thirteen combinations of extraction procedures were based on the Box-Behnken Design to study the influence of each factor. Two g dry Juhua Tea was extracted with each combination. The extract characteristics were determined by HPLC analysis.
HPLC-ESI-MS n :
The samples were analyzed by a Dionex HPLC system (Sunnyvale, CA), equipped with a P680 HPLC pump, an UltiMate 3000 autosampler, a TCC-100 thermostated column compartment and a Dionex PDA100 photodiode array detector. The analytical column was C 18 column of ODS 80Ts QA (150 mm × 4.6 mm, 5 μm i.d., Tosoh, Tokyo) protected with a C 18 guard cartridge (Shanghai ANPEL Scientific Instrument, Shanghai, China). Eluent A was 10% aqueous formic acid, and eluent B was 0.1% formic acid in acetonitrile. A gradient elution program was used: 10% B at 0 min, 16% B at 10 min, 22% B at 40 min, 35% B at 60 min. Column temperature was maintained at 40°C; 10 μL of analyte was injected. Chromatograms were obtained at 280 nm and 350 nm, and photodiode array spectra were recorded from 200 to 800 nm.HPLC-ESI-MS 2 analysis was carried out in an Agilent-1100 HPLC system equipped with a UV detector coupled to an LC-MSD Trap VL iontrap mass spectrometer via an ESI source (Agilent Technologies, Palo Alto, CA). The MS conditions were as follows: negative-ion (NI) mode; capillary voltage of 3.5 kV; a nebulization pressure of 241.3 kPa; and a gas (N 2 ) temperature of 350°C with flow rate of 6.0 L/min. Capillary offset voltage was 77.2 V. MS and MS 2 spectra were recorded over the range from m/z 50 to 1000. Flavonoids and chlorogenic acids were semi-quantified by linear regression of quercetin 3-O-rutinoside and chlorogenic acid, respectively. The calibration curves were y = 373.06 x (r² = 0.9998) and y = 380.1397 x (r² = 0.9984), respectively. All samples were analyzed in triplicate.
Folin-Ciocalteu assay:
The total polyphenol content (TPC) in the extracts was determined according to the Folin-Ciocalteu method, using gallic acid (GA) as a standard [8] . The TPC was calculated with: [TPC (mg/mL)] = 7.35Abs 750 nm (r 2 = 0.999), and the result was expressed as mg of GA equivalent (mg GAE) per g DW. The extraction and sample preparation were performed with 3 replications. The absorbance was measured with a UNICO UV-4802 spectrophotometer (UNICO Instrument Co. Ltd., Shanghai).
DPPH assay:
The DPPH assay was based on the method of Wang et al. [9] . GA was used as a standard. The reaction time was selected based on the kinetics curve, showing when the reaction would reach the plateau stage. A calibration curve was acquired by plotting the DPPH • scavenging percentage [Abs (515nm) t /Abs(515nm) 0 , where t is the reaction time] against GA concentration. The amount of GA equivalents in each sample was calculated by y = 11.04 x (r 2 = 0.9964). Results were expressed as mg of GA equivalents per g DW. All samples were analyzed in triplicate.
ABTS and FRAP assay:
The ABTS and FRAP assay were performed according to [9] . GA was used as a standard, and the calibration curves were y = 15.02 x (r² = 0.9926) for ABTS assay and y = 8.80 x (r² = 0.9756) for FRAP assay, respectively. Results were expressed as GA equivalents per g DW of Juhua. All samples were analyzed in triplicate.
